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Abstract of JP20041 19467 
PROBLEM TO BE SOLVED: To increase 
diffraction grating coupling coefficient and to 
improve emission characteristics in a 
semiconductor laser device having an active 
layer arranged on a diffraction grating layer with a 
clad layer in between. 

SOLUTION: In this semiconductor laser device, 
an n-type diffraction grating layer 16 is formed of 



n-lnGaAsP on an n-lnP substrate 12 and has 
through holes 16a periodically and parallelly 
arranged in the direction of the laser waveguide, 
and the through holes 16a of the n-type 
diffraction grating layer 16 are filled with and 
buried in an n-tnP layer 18 containing not less 
than 1*10<SP>19</SP>cm<SP>-3</SP>of S as 
an impurity. Next, on the n-lnP layer 18 and the 
diffraction grating layer 16, an n-lnP clad layer 
20, an active layer 22, and then a p-lnP clad 
layer 24 are arranged, successively. 
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n - I nGoiASPi4 2 9I1JL1 6o.#iat 7 tlCf ttiit'. 
? mc n - I n P 9 ^ y FSZ0H7<!)n - I nPl5 2<98ISiCJ;Ht v7l 
44Vn-lnPiJil1 8H7«)n - InPi5 n-InPS52<i>)£ 

$4 % S ~? > *tt»»Stt«fcl*lxl 0 1 8 cm" 8 Sfi<?>JllK?fcZ. 
[ 0 0 2 ?] 

c © & > n - I nPi5 2 9^llci nGcLASP<5i^ffplV I nG<xASPQ>Pi 

«JiV»«i«?SttJi2 2H7<!)fiiTffpl5 4. P - I n P 9 7 v K S 2 4 ol V 

UTQP - I nPl5 6a.ttltl. C©Ifi<!>a»#H7-?AI. 

n - I nPi5 O'PftasSfJIttf^lKctt* ffltt<?>JK*3&KB:aiit<2>n- I nP<i)SSK 

S 5.S Jt i!?> Z > fi! Jt B? 6 0 0 °C > cfc «J £ '> U 6 »7 J* * 1 16 to » * C » lit <0 J»K * » K C ffi 20 

-y 17 7 < . cftl*#«J#«5 6 0 0t:?JK*t*6d»?V. n - I nGaASPi4 2(91 

[ 0 0 3 0 ] 

e 

HC- + fy?!443jJ;yn-I nGc^AS Pi4 2 VM4 8 Y7ifK7tlJ X I- 30 
7-f?A^->tt0. 1 UHi9lllftt*U7llJ. 

C9«5tStttZA^ - > ffMJX?ti*L -7X A± c n-InP itP^t 3 »d, n 
-lnPSQ8<?>^AD5IISt. 0 1 9 offi^JliCtn, iS£ 1, Jft « S R 

Kl SP 4 8#>5«Kfl&CJjK*;frllli&?-ft, * r y?l44SJ;&n - I nGaASPl4 2 
<?> * 1 V C3 BP 4 8^*^ffiJV#¥ffiC&Z<£?ICI5£«#7i:f5-fZ. 
[ 0 0 3 1 ] 

■C <D&m. =t= + y7'l449^fflVElSP4 89«*ii:l«^'><i)C3fi»Sofe^ U 7 t. 
. n - I n P 1 5 2 0 & t 7 c * c J; «; . n - I nPiB 20*lC»U7ttt 

* ¥ M. IC « , C9h - I nPl5 2<i)^IlC^Ii^?fPi5 4ti5)JUfeVl7t 
. #ii^tPi5 4 tf fflC»S!f7ft, #S*^#P§5 4#3t<9M75lQ)i::&*Jo7 40 
Ifn^^ttSU. C(i)fe4))It<!)«ttt*t7St§2 2tifi;t7C^7n 
. * n - I n P 1 5 2cttfi«*<?>!e£tl» ± f 1 c ^^7f Z . 
C©fedDCn-InPl5 2tt. fl!3t»0. 1 ~ 0 . 8 Utnfil<5)?t C, HCO 
. 1 umJHTCt?C^g«M'J, H W t& 3- 1 9 <?> d K L t £ 3= < t^C^ 
7* 9= I . 
[ 0 0 3 2 ] 

H 8 t#SRU7, KCP-InPS56a.<!>±C8i O 2B5 8t»«U. C <?> S i O 2 
15 8 © ± IC 7 * H/-7Xhtl4lfel, ?*»JSS«CJ: , J*«a*filClJ£tU 

I*q>ttS#B8-?»>Z. 50 
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@ 9 t#lU7, is y ZU^->eOt775H7, R I EC78 i 0 215 8 

tlyf >7L 8 I O ZlA*->5 8dt»at?. 6 i OZlA>->6 8o.t» 

[ 0 0 3 3 ] 

B 1 0 t*lU7, ^CHBJ-I^^Iy Hyf f >htfflt!, 8 i OZlA^->5 
8oit?X7H7# il ^IfpiH^I^, n - I n PI4 0 Cilf ?*7, m% 

^t»3tt»^t3. :9Igi?)fil#01 0 "? ft I . 

11 1 t#SL7, 8iO2iA5->6 8o,tY7?n7Fe-InPl6 0, n - 
I nPlB Zt»«t2. 8 i OZlA*->5 Bdtt I nPC«U7l«ttt*tU 10 
<tf) ic , 8 i OZlA*->6 8a.fl)ICI*Fe - In PI8 0, n - I nPl6 2tti!S 
?tif,»:R]5K*7X2*0T#il&U, Fe - InPi6 0, n-.ln Pie 2tt^t* 

# H 1 1 ? ft 2 . 
[ 0 0 3 4 ] 

HUt*»l7, HFiipnyHyf OlCt'J, 8 i 0 2lA * - > B 8dt 
|»£b, T^cP- I nP?7v FIZ4<51IH t H70P - I nP!5 6 ita 
Ji U :>nH80HT<9P-InGciASie4 tr^t I . C ©Ifi <5IS 

»#B1 2 "? ft I . 

P11I3 2, nHtt34t»«l; l B1, H2ift&H3Cirtlfe¥«ftU 20 
-1M 0 Y l> -zYfMTtl 1 . 

±M<9 <£ ? C«JK Ttltl D F B U --9* 1 0 "? I* , ® #T 3- M 1 6<i)SI}Ll 6 a, I* i§i 51 Jt 
OStSt-n - I nPiail 8 VU73»n - I nPi5 OCJj'Jf ttattilQ)?, S: 

[ 0 0 3 5 ] 

c<5fe«)C<9±c»s!?7li7 n - I n P ? ^ y I' S 2 0 V b T <9 n - I nPi5 2 t* 8 < 

* £ n - I nPI^H 8H79n - I nPl5 0 9lffl<5)$«SItn- I n P ?7 

yFS2oe>j5ji'fi5£gj; , ;'fe<bT, iws^ii 6 <z> m a ?i i 6 <xq>w < r tit m < * 

]U^7H. C^V^^^^M^^S^^M^JlSttZnSlCttJKfiSSlCcfcUS* 30 

n - I n P 0 7 y h" 1 2 0 H 7<5n - I n P15 2 <9±C15!f7ft 2 iSttl 2 2 * 17 
£9^1i^ffPl54ft, n — I n PlS 2 <9$l#f fflCti!-) 7 II I <97> ¥ffllC^S)? 
7 *l , * <l> * » ft IC » ^ £ 7 C »E» 7 tl 3 C V I* ** IJ . 
[ 0 0 3 6 ] 

7 3 c , •DBW* ; J-E*JStt£V<s>IBc**:fc*.n- I nP?7yFitJt<»)S 

tie V#^l7, L < « 3 J: ? ICfcJK* I C V 1 . C © % if) % 

jtHftijfiUDFBU-^ti^tlCV*???. 40 
7 mc5Sttl#¥fflC»J5K^M©-f, iS«3C^t<9i^«tttJ: < t JCVff7f 
1 . 

ft±t!)J;jCC5)SJS(?)»tClIDFBI/-^tlCfiU7B:, IJIIS^ ©Seiillf 
ili < l/-H«*^»ft(5AuDFBt/ -1>*t «E)?7 $feC0l^Ktt0lH 
DFBI/-ftSl5Ii7S)it3C^7H. 

gU7K^tl^Jltt»J; <$l5¥lft^tHitt«nc^7? I . 
[ 0 0 3 7 ] 

n m o) m 2 . 

B1 8 1*, C<i)f§BBC)-T(!)||liS(i)PlC§7¥f#l/-tc)iil7J)l. 0 1 37tt 

« IB C ttfi * Z £ * ® ft fil # tt <P * ift ft fa "fr ft Z . t^ll 4 I* M 1 8 9 1 4 - 1 4 ffiffl 50 
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C35ritI¥*#U--y , <DirfflB"Z k 9)3. * B 1 5 ft H 1 3 9 1 5-1 5 Bft ffi IC 17 3 ¥ 
3»#l/-t*©BrIIia-?*>I. H 1 4S&11 5C3n)7ttlfilIIC£iI<?>£fil#*©Ji»£ 
|p] ~? fa 1 . 

013, H14JR&B15K:airi)T, 7 0 RD F B 1/ - . 1 2ttn - I nPlS 

1 ZicEfitHfeai n - I nP77v P*. IttlS^ll 6ttl1 n-I nP?7v 
h" § 7 Z±CB»rii7l)3. 

C<!>Xll<?>»«Cflit7nW**11 6 I* IS tt <?> J» *1 <D » 6 «fc V £ J? < 80 nftlll? 

Cfttt&ICM^SA I Gol I nASti^ffPlH7flbfef#i:5ift) 

I U »«*<2>lfid««/c L t * 9= < USll^illf *ftttt##^tl5Ufe^C - iWft^ 

II 6<5f W-tK 10 
[ 0 0 3 8 ] 

7 4ttSW*3-l1 6^n-InPl£i1 8>;c)±IClEii^+ife^2n-lnP7 : 7y 
h" 1 ft 3 . 91 n-lnP?7yFi7nn»*^ll 6^Zn-lnP77vF 
^7 4*<?>J??f;#*IB&i u m?*) I . 

7 6 IS Ss 2 n - I n P 9 7 y f-"l7 4<i>±lcEI£m;fen-A I I nAS?7v F S "? J¥ 
* I* 0 . 1 u m ? * Z . DFB^t70?ttS2n-InP?7yFi74^n-Al 
I nAs^vl-'ll 6):#nS<i)8 1 ? =7 y h" /l t U 7 11 Z ■ c<9nS<i)il 1 7 =7 
y FiQifrt 0. 1 umttTctzyiffftl^lS^IlJ/cLt*? 1 < tl:^#7? 
1 . 

7 llttn-AI I nAS?7y h'S7 6<?iclSTft^n-A I GOLlnAS*fflD)i 20 
4J) Ji ? Jf * I* 0 . 1 Hi m "7* 3 . 8 0 I* n - A I GolI n A S * HI U a 4/) 1 7 8 <?> ± C EE 

i£ ? ft 2l A I GolI nASi^ffpiU I Go. I nAS»liV»^5Zl^?Fpt)l 
Qft&iM , 8 2 I* }S tt 1 8 0<P±CKft?ftfeP-A I GolI n A S *ffl i) & iJ)i7l^ 

0 . 1 ju m ~b Si 3 . 
[ 0 0 3 9 ] 

84RP-A I Ga.1 nAS*tBDaiDl8 2©±CES4^it*.P-AI I n A S 7 =7 y 
P § ■? J? * HC 0 . 1 Ltm7S)Z. 8 6 I* P - A I InAS97yFi841CE»riL*, 
P - I nP9?v Pi?lfrtt1 ■ 5utn?Ji?. DFBl'-7 1 7 07ttP-A I I n A 
S77yFi84^P-lnP?7yFi8 6^Piii)Sn7yl ; ItIiin7l)Z 

30 

8 8 P - I nP 0 5 y (-"18 6<2>±lcffig£?-:|i75.P- I nGa.AS:>^ hi7i* 
1*0. 1 Ultl?}iZ. P-InP?7yFi86S6fP-I nGdA S □ > M I- I 8 8 
I* U y S'ttCJRB?? tlT I) I . 

J.U<i)SSlCi)jil7l1n-[nP?7yFi72, I 2 n - I n P 77 y F I 7 4, n 
-A I I n A S 7 =7 y FI7 6S^n-A I GolI n A S *1D 4J)I 7 8R5ii0^M^ 
#87^«iail»1 XI O 1 8 cm - 3 ?ft I . 
[ 0 0 4 0 ] 

KB * 3- Ji 1 6^C*n - I nPiall 8©^;&0*M£^^M$lgtt^^S>Ml<2> 

P - A I GclI nAS7tffll)£Wl8 2« P - A I I n AS 7 7 y F 1 8 4 3y J;^ P - I 40 
n P 7 7y FI8 6ttIJB^iaa»Zn7^^MI^1 X 1 0 1 8 cm" 3 > P-In 
G(xAS3>*9hE8 8l*£;ln*tt»#ZnT**JKW3lR;tMX1 0 1 9 cm" 3 > 
I . 

9 0 I* * 3- * H IC BE tft r il *L S i 02111, 9 2 I* S i 0 2f II? 0±CBE8ft?fl.fc 
T i /Au#^S7 PHttf 8 i 0 2«*I? OCfttt ^ftfclD*? Oa.tAbTP 
- I nGaASD^ni8 8VlSfic8l7ft7U2. ? 4ttn - I n PIS1 2 
911 cESittLfeA u/Ge/N i/A-u#«SIn 1 . 

[0041] 

c©DFBI/--y»7O0Kft£»CfirUTfc, Bffft^ll 6^n - InPI^il 8 * 
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trn-InPi«1 2 ± c . 11n-InP77vFi7Z, B»»^il 6H7<i) 
n - I nGaASPi, ft &Z/r\ - I n P t ^ y ?i t MO C V Df i: J; 'J fl»!ijrt I 

o 

1 0 0nm^l!a-?IS□a^t*Ufe^5/ , 7M*->t»j»t3. 

»H?C(9l/^XH^->tTX!7H7, R I ElCt 'J t 1- y?i- n - I n G CL 
ASPSUvf>7l, H B> t » SJf * 3 . C<5lk : /X l-;H->ti*t?. 
[ 0 0 4 2] 

2cu-?J*jli]*tt»®s;0fai*.i*ixi o 1 9 cm" 3 J-X±<5>^S-?^in^ftTi)2n-i 
nPil 8 c J; ') , n-InGa-ASPil 6 <2>HJL#i5llt TfillCf dOat'. 10 
n-InPlI 83>«Sfl:*ttf?»iCIS. *Qffl<0J**»JKB:H«<?>n-lnP<0iSSjjfc 
* 5fi Jt 7 3 , « Jt I* 6 0 0 C . <tn'>l'6S?^Itii&i))f ^IS9^fiSSCiS 
-* it 7 *P < . CftttiS*^ 6 0 0 t"?aitt&^^. n-InGa.ASPl1 60m 

*mKJ;Ve6to©»K»*»fo7»«0}#S»KC±ftU7*P<. 
e <?> & , S?n-lnP77yFSH, n - A I InAsHy^ne, n-AIG 
a, I nAS*BJl>iidJ)S, A I Go. I nASi^ffPiU I Got I n ASgf * 
aZlS-ttFUHi^JSttJl, P-A I Gail nAS*fflD£«)l8 E. P - A I I HAS 
9 7 y P i 8 4 , P - I n P 9 7 y F I 8 6 , P - I n GolA S □ > ^ n I 8 8tIX 
iftl. 20 
[ 0 0 4 3 ] 

SlITtlitB'J y^tlflftl 'J y^XyT^^tftlK & 3" £ H IC S i O 2i6ilt 
WJ«b**lftB , J y^©±CiHn? 0 citM U . 7 *> C P H^ffi 9 2 t Jf*Ji» ITPII 
ffi 9 2^ P - InGouASD>^nl8 8^tlSffli:Sll, n-InPSJ&Q&II 
cnSIffi? 4tiffitJ Q> 7 3 . 

»CC(5tl0il2Q)DFBl/-1' , 7 0 C ft l> 7 tt . >S ft 1 8 O^A I Go. I nAS<5 
9 3- # <fc 'J ^J* ? tl 7 I) 3 . AIGa.InASi^JfPBAEcS^H+^J 

7<9^-A-7a-wsc | J ic< u<s>?u-i*y>ftf-i«<?>3ifi*itt#iqi±-fz. ttim. 

30 

[ 0 0 4 4 ] 

U #l/«*>iHW« : 3-©JS'&*&/c L 3= < *E*7 3=#U*?S7 , e!|f'B:#.gi< 
C<3>fc.d&CI*IDW*& : 3-Sl 6^n-InPSal1 S^^^ttZiaWft^^JffrtflKU 
, bo w » 1 * )3 tt S * ® mm 1 7 3= i % it & < . m x i* o . i umftTctle^* 

C©H3W<?>3»IS2©DFBI/--9*7 0Cftl)7tt, Bttft^il 6U-InPfal1 
8 * t* ft Y Jl. 1 OOnm5>IHI?Satll.. Bffft^iQlJf B 8 0 nm?. B 8P * U 

aii Btr^t n-inpian 8©8©*aD*st, a % tx 1 x 1 o 1 9 

HJ *& ? tl , affft^ll 69n - I nG0LASPi«)$I^II}L1 6 a. © *^ffl * # ¥ 
[ 0 0 4 5 ] 

C<9SS1, HWft^I 1 6<5n - I nG0LASPl9*i^tI}Ll 6a.Cfti}2n-I 
n PliiH 8<i)f tl^^lctS^^^Hfl^^-^feVUTt, 12n-InP77 
y 4<9^£^l<9$IC3ill7S> + ^ T ffl IU « I . 

0t^7 13 & (IS177. fl9llt*tl«2n - I nP77 

y Fi74«?*IiC, n - A I I n AS 95 y h'l 7 B »J;9n - A I Go. I n AS* 50 
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mis a «> s 7 8 1 yv u t . fii^?Fpi54#f jbobk^h?. 

[ 0 0 4 6 ] 

J^±§£b0U*lJ:7IC, A I Ga I n A S <0 5 3- # P *3fc C J: «; »5U t tl HS ft S t * 0 . 
n«¥HH**CH»tt*t«JtfeD F B 1/ -ICCft H7H: , Dtt«?|i!)««ffl(K L» 
£*llC*ffajK?tl3<?>-?. HW* : 5-l<Z>JifrtJf<U, B*rft*)[g«l\!<5llt 

5S<tic^#SM-?3f>^. u»o«*n»ia*ir* : 3-l<PJ*^tJf<r2v. a a a * a ic 

^C-?Cfi)S»<!)»*ZC*2DFBI/-1l , ?B, BUftJltl nGa.ASpa?»Jofc 

1 o 1 9 cm~ 3 f±§^«n-In Pic^'JfliifUStfi^c Vc<fc'J > a S JL 1 6 
# \$ MIR. m&m-tet tl , n W * § <?> n - I nG(iASPii9SlV 

a a *i 1 6o,^a^iJv#¥ffiic£3j;?icj£fi#5i47-f3o 
c 0 0 4 7 ] 

C<PfeWlcaW» : 3-©Ji*-tJi<L.TtlIlW* : 5-l<5*IlItL»<ttn-InP!77yh , M 

0 a a j«a 0 * a c a u 7 a t a a a # a s *i . *fen»a*a*»tta*<i>nnsi"S»< 

«^tTt;SftI#jl»TC^5 < f iSSttltll^nO;*-?^ I<D-?, ED W « * 
G>«aaftt** <*lfb->^*»ft©Jll)A I Go. I nAS(5i^#P«l(9iSftltS 

*fclHW»*<5«aa»icL**3 s <1-ZC'i£tfa*Z<l>-?. DFBU--?«<<>§£B+e>i]E& 20 
a#* * < « V , £ftI§.Q)X? < #Ii S U D F B V -iftmist J c 3 . 

# <fr< ±lEs)iBfl-?ttaMffl<Z)DFBl/--^^^Utt^HgSit? = DFBU--^ICoUTiiB3 
U *L # . n-«CHtt«?tfiitC<!)±*CSftf t»«t7DFBl/-H»?»il», 19 « 

[ 0 0 4 8 ] 
[ 36 be © 38) a ] 

c <?> a Bfl c m i ¥ a # u - -9* n s is ± c m o j; 7 # «^ t a *, t u i <?> -? . jk. t © 
j; ? # t * -r 3 . 

c <P fS Bfl ca 3 U c ft u t 1* , nliiilnPlSV, :9InPlti9^ 30 

H ± C I nPCft^fidtf^I? I n P * El W * <D a * 3 *T3W C «fc «; * tl Z * >: £ IC 

a©E3ffcE»rftc0ia»*s&?iiiv>£fcc*tt»vb70Vi;ftx*t 1 xi o 

1 9 cm" s Rl§t'nl(!)lnPiV. iroMnPaajiZfDSttas-l^lcEar-ti 
feni<5»1 75^1^ c 0 a 1 9 7 y h* 1 © ± C BE t% r tl a ft 1 * . C <9 >3 ft a 

^s^uaj^ajarti, si ?7v pgijSi^Tfflcs'j, **.aa»gatff'>*<, * 

¥»tt<5llUiSftit«life*K^tK^»?n. «ll7ttl/-f*^»ftii)llll¥ 
[ 0 0 4 9 ] 40 

* * c , a »« * a <& h a # n a a * a c »« ? ti & a a ^ * c <& n a a * 1 0 t a © a 
n * c sa?? ti fe a i) aess t * u . *^Wft ©i* * -a u m a& 
^ tiife»iKcti c au7i*#B*«;<?>ftu¥a*i/--y*i$atasKr 

[ 0 0 5 0 ] 

t %.t ed a a * m <d ± w$tn on # * a a a * -* <o s&a t o . 1 umJUTntt® 
-? . sn^yh-aosattaK aaaa<z> a imsaa^ t i^^i^ct s c * #7 ? 

[0051] 50 



(12) JP 2004 119467 A 2004. 4. 15 



T , DBtt«**®l&*«StBi<#i*0*#«5* A I Gol I n A S <5 #Pt3lt # t 
HUT ft, $ii'^J;{Sif - aK*ttt#J:<. S«»«:0Au¥*ftl'--yf*St 
[0ffl«i>f§li&Bi£0fl3 

[023 01 «2>2-2»IBC*itI¥W#l/--^©BrIIBT9)3. 
[033 01 ©3-3»lBC3jritI¥*#U-1^©BflIBTM. 

[041 C9fgHflC#^¥*^l/--^Q)^3tQ-l5SlC?5fit?¥^ftU--^<9Bra0Tih 10 
¥ . 

[053c<?)fgBflic«^¥^#l/--^0^3iQ)-IiSlcayit^¥^#U--^<9Bfrffl0T^ 

I . 

[063 C©«WClR?*3i#U-t*©»it©-IfiC»itI*«#U--!>*©ttffllfflT»> 
I . 

3 . 

[0 8] cq>«flC*U*#l'-1' , i5llft©-ItCfitt 3¥*Sftl/--y*Q>Brl]0-?fo 
3 . 

[0?] C<9fgBflc«3¥^ftl'-^0gm0-lSCftit3¥^ftl'-^<?>BrH0T;& 20 
3 . 

[0 1 0] c©f6«c«7**#l/-1^©»a<?>-ISCifiritI¥S»#l/--^©BlrlfflSlT 
9i 3 . 

[01 1] z vnmvmj - y<D&&<D-xmEfiv 2 *m#u --rvM®®-* 
3 « 
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